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Housekeeping 

Format: 
• Each presentation is 20 minutes 

+ 5 minutes of panel Q&A 
+ 5 minutes of audience Q&A 

• Ryan Lawrence will be giving time checks 
(10 min, 5 min, 1 min remaining) 

• Please do not take photos 
(ALL presentations will be posted publicly) 
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 Peer Review Agenda – Day 2 

Clean / Convertible Sugars 

Advanced Fermentations 

Next Generation Bioprocessing 
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BETO’s Strategy for Today’s Presentations 
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Convertible Clean Sugars 

Area Goal: Demonstrate sugars with: 
• >90% convertibility (titer/rate/yield) relative to dextrose (as demonstrated by 

multiple partners)… 
• At a cost of <$0.20/lb… 
• From multiple sustainable feedstocks… 
• While quantifying sustainability impacts 
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Biochemical Pathways Through the Years 
B 

20222012 2014 2016 2018 

Cellulosic 
EtOH 
(SSF) 

Non-ABF 

ABF Mixed Acids - > Hydrocarbons/Oxygenates A 
A 

A 

Cellulosic EtOH 
(CBP) 

Lipid Biosynthesis -> Hydrocarbons 

Muconic Acid 
Succinic Acid 

Fatty Alcohols -> Hydrocarbons 

Beta-ketoadipate 
3-Hydroxypropionic Acid 

Fatty Alcohols 
Lipids 

Isoprene Bisabolene 

2-3 Butanediol - > Hydrocarbons/Oxygenates 

A: Undergoing merit review 
B: Agile Biofoundry (ABF) Starts 
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Next Generation Bioconversion 

Area Goal: Move beyond proof of principle for the following: 
• Achieving co-factor recycling/re-use 
• Cell-free ‘prototyping’ 
• Immobilization/stabilization of enzymes 
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Relevant FOAS / Funding Opportunities 

• Clean Cellulosic Sugars
(FY21) Clean Sugars

FOA 

• Advanced Bioprocessing
FOA (FY19) Advanced 

Bioprocessing 

• Performance Advantaged 
Bioproducts (FY18) 

• USDA BRDI 
Other FOAs 

<$0.20/lb 
>90% convertibility demonstrated with 
at least 3 downstream technologies 

Demonstrate cell free production 
>0.5 g/L/hr for >72 hours 

>10% increase in bioproduct performance* 

NREL 
AVAPCO 

Invizyne 

Arzeda 
Northwestern U 

*Relative to an appropriate benchmark technology 
**Not presenting today 
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Recent Successes Emerging from Biochemical Conversion 
& Lignin Utilization Work 
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Genomatica and Renewable Polymers 

Conversion Investments: 
• 2011-2016: BC FOA supports strain development 

($5M) 
• 2017-2019: Support for fermentation development 

and modeling in BSRD Project at NREL 
(~$100k/yr) 

• 2021: Subrecipient of AVAPCO Clean Sugars 
project 

https://bioplasticsnews.com/bio-bdo-bio-butanediol-novamont/ 

1,4 BDO 
(2 million tons/yr) 

37% Spandex/Lycra 

23% PBT 

11% Polyurethane 

8% GBL 
THF 8% 

Fossil BDO: 4.4 kgCO2e/kg 
Bio-BDO:0.3 kgCO2e/kg 

This plant alone will result in annual 
emissions savings of >400,000 T CO2e/yr 
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NREL – Bioprincipia Partnership 
Commercialization: 
• NREL has developed two collaborations with industrial entities for the Technology 

Commercialization. 

Commercializing Bio-
butyric acid 

derivatives for human 
health 

Commercializing 
Bio-butyric acid 

derivatives for SAF 
& chemicals 

• Intellectual property has been licensed to both entities. 
• One Cooperative Research & Development Agreement (CRADA) has been executed 

and another is currently being negotiated. 
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Corn Kernel Fiber Analytical Method Development

This updated 2022 guidance benefits from recent scientific advancements, including work 
conducted by the Department of Energy’s (DOE) National Renewable Energy Laboratory 
(NREL), to develop a public method that addresses the analytical concerns identified in the 
2019 guidance.

Gen 1.5 
WorkshopSept. 2019

Method 
DevelopmentWinter 2019

June 2019
NREL/EPA 

Partnership
Announced

DOE Nat’l Lab 
Round RobinSpring 2020

Spring 2020 NIST/NREL RR 
Analysis

Method/Data 
Sent to EPAJune 2020

EPA Issues 
Guidance

Sept. 2022
ASTM Approval
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2021 Peer Review Feedback

Recommendations:
1) Increase use of LCA to guide research
2) Greater transparency in TEA methodology/assumptions
3) Clarify emphasis on DMR investments
4) Build a balance of early stage and deployment
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Increase use of LCA to guide research

Figure 6. LCA carbon balance of fermentation with CCS only.

GHG*
(CO2e/kg)

Fossil
Energy
(MJ/kg)

Total
Energy
(MJ/kg) Cost ($/lb)

NaOH (100%) 2.1 28.9 32.3 0.24

Na2CO3 (100%) 0.7 5.93 5.94 0.08
*The Greenhouse Gases, Regulated Emissions, and
Energy Use in Transportation Model (GREET)

• GHG emissions tracked in gCO2e/lb sugars;
• Water consumption tracked in gallons water/lb sugars; and
• Carbon intensity of the process

Examples of LCA analyses that are informing 
R&D priorities
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TEA Methodology

Biorefinery Analysis Process Models | 
NREL

• Provide a techno-economic analysis to 
calculate the minimum sugar selling price 
including:

• Cost of enzyme production and/or 
purchase

• Capital and operating costs to produce 
monomeric sugars

• Assuming a delivered feedstock cost of 
$86/ton

Examples of standardized assumptions
and publicly available TEA tools

Increased emphasis on “smaller
system boundary” TEA

https://www.nrel.gov/extranet/biorefinery/aspen-models/
https://www.nrel.gov/extranet/biorefinery/aspen-models/


16U.S. DEPARTMENT OF ENERGY       OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Why the Emphasis on DMR?

BETO investments in the Pretreatment
and Process Hydrolysis and Low-
Temperature Advanced Deconstruction
Projects 2014-2022

Deacetylation and Mechanical Refining (DMR)
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Ensure a Balance of Early and Applied TRL Work

“Therefore, this should not become an either/or for fundamental research versus applied 
science and large-scale demonstrations. The most powerful combination of activities for 
BETO would be the retention of the strong scientific program that BETO has built while 
advocating for new projects to support what appears to be a strong administration interest 
in large-scale demonstration.”
-2021 Biochemical Conversion and Lignin Utilization Panel

Lignin UtilizationAnalysis/Crosscutting
Activities

Molecular dynamics based procedure to compute the free energy to
decrystallize a single chain.
Decrystallization is the first step in many depolymerization processes, including
biological routes (e.g. PETase).

Exemplary C-C bonds in lignin that 
catalytic approaches must cleave

Examples of fundamental R&D that
are critical for applied R&D projects:
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Questions

Contact Info:
Beau Hoffman, Bioenergy Technologies Office
Beau.Hoffman@ee.doe.gov

Lisa Guay, Bioenergy Technologies Office
Lisa.Guay@ee.doe.gov

mailto:Beau.Hoffman@ee.doe.gov
mailto:Lisa.Guay@ee.doe.gov

